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86 PEOBLEMS AND SOLUTIONS. 

which divides the pole into upper and lower segments equal to (J/2) (2 — -^2) and (Z/2)-\5 
respectively, the pole then forming an isosceles triangle with the axes. 

Excellent solutions were received from Frank Irwin, J. A. Capabo, H. C. Feemster, and 
N. P. Pandta. 

CALCULUS. 
384. Proposed by Joseph b. Reynolds, Lehigh University. 

In what time will a sum of money double itself at 6 per cent, interest per annum if com- 
pounded at indefinitely short intervals? 

Solution by H. L. Agabd, Williams College. 

If the interest is compounded k times a year, the amount after n years is given by the formula 
When the interest is compounded at indefinitely short intervals, 

( T \ nk r / *. \ klr ~AnT 

i+ d .-a[ p ( i+ s) ] =Pent - (1) 

In (1), setting A = 2P, r = .06 and solving for n, we have 

log, 2 .69315 
n = -|g — = 11.5525 years. 

Also solved by H. C. Feemster, W. W. Burton, G. W. Hartwell, C. E. Flanagan, J. W. 
Clawson, Frank R. Morris, H. S. Uhler, Elizabeth Ovin, F. Fordero (Seville, Spain), and 
and Herbert N. Carleton. 

386. Proposed by Herbert N. carleton, West Newbury, Mass. 

C is a fixed point on the perpendicular bisector of a line segment AB. Locate a point D 
also on this bisector, such that AD + BD + DC shall be a minimum. 

Solution by H. C. Feemster, York College, Nebraska. 

Let the foot of the perpendicular be E, CE = 6, AE = EB = a, and DE = x. Then 
AD + BD + DC = 2 -via 2 + x 2 + 6 — a;, which is to be a minimum. Taking the derivative of 
this expression, setting it equal to 0, and solving for x, we have 

x = —5- = DE, as required. 

o 

MECHANICS. 
301. Proposed by Clifford n. mills, Brookings, S. Dak. 

A wire is hanging from two points in the same horizontal plane. If the difference between 
the length of the wire and the actual distance between the supports is very small, show that 

s = a: ( 1+ S)' 

where s is one half of the length of the wire, c is the tension at the lowest point divided by w the 
load per unit of horizontal distance, and x is the distance of the lowest point of the curve to the 
point of support. 
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Solution bt A. M. Harding, University of Arkansas. 

A solution of this problem will be found in Jean's Theoretical Mechanics, pages 80-85. 
It is there shown that the length of the wire is given by 
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If we expand e*/« and e~ x l e as power series in x and neglect all powers of x higher than the 
third we obtain the desired result. 

Similarly solved by Walter C. Eblls and R. M. Mathews. 

302. Proposed by CLIFFORD N. mills, Brookings, S. Dak. 

A ball is projected from a given point at a given inclination towards a vertical wall; deter- 
mine the velocity so that after striking the wall the ball may return to the point of projection. 

Solution bt Paul Capbon, Annapolis, Maryland. 

Let v = the required velocity, a = the distance of the point of projection from the wall. 
After t seconds, the ball will have traversed a; horizontally, y vertically, where 

b = »cos/34, y = »sin/3-i — §gfi. 

Its path will make the angle a with the horizontal, where tan a — tan fi — , (gt/o cos ff), and 
its component velocities will be v cos 13 horizontally, v sin /3 — gt vertically. Subscripting the 
values at the instant of impact, we have 

xi = a, k = (a/v cos 0), V\ -» a tan /S — (a^gfev*) sec 2 ft tan c« = tan (3 — (ag/v*) sec 2 /3, 
vf = «) 2 — 2ag tan /3 + (ay/e 2 ) sec 2 = b 2 — ag (tan <*i + tan /3). 
The component velocities immediately after the impact will be 

evi cos <*i horizontally, evi(K sin «i — C cos a{) vertically, 

where, if e is the coefficient of restitution and p is the coefficient of friction during the im- 
pact, K = (5/7e) and C = if m > [2 tan«i/7(l + e)] or K = 1/e, C = L»(l + e)/e] if M < 
[2 tan ai/7(l + e)]. [See Routh, Elementary Rigid Dynamics, Volume I, § 197. The ball is 
supposed homogeneous.] 

Consequently, t seconds after the impact, the ball will have moved from the point of impact 
x horizontally and y vertically, where (supposing downward motion not to have begun) at the 
time of impact 

x = evi cos cti't, y = evx(K sin at — C cos ai)t — %gt 2 , 

and it is required that when x — a, and therefore t = (a/evi cos on), 

y shall be = — yi *= — a tan /3 + jds sec2 A 
i. e., 

a(K tan a t - C) - g^ sec 2 a + a tan -~|sec 2 = O. 

If we substitute in this equation the values of »i 2 and tan oi given above, we shall have, 
after simplifying: 

2e 2 [(l + h) tan - C]w« - ag[(l + e 2 + 2Ke*) sec 2 + 4(1 + X)e 2 tan 2 - 4e 2 C tan <S]«* 

+ 2aY sec 2 0[(1 + 2e 2 + SlCe 2 ) tan /J - e 2 ^ 2 - aty» (1 + e 2 + 2Ke i ) sec* /3 = 0. 
If we let 

' ' — 4e 2 r and — = *, 



(1 + K) tan - C 
we shall have 

a 8 — 2(r sec 2 + tan /3)a: 2 + sec 2 0(4r tan + l)x — 2r sec 4 « 

(x - 2r sec 2 /3)(a: 2 - 2 tan px + sec 2 /?) = 0. 



